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SPECIFICATION 



I, Title of the Invention 

PERSISTENT ACTIVATOR AND ITS PRODUCTION 

II. Claims 

1. A persistent activator, which comprises a miotic agent 
in a polyvinyl alcohol -containing hydrogel incorporated with at 
least one selected from hyaluronic acid and its salts. 

2. A persistent activator of Claim 1, wherein the miotic 
agent is pilocarpine hydrochloride. 

3 . A production method of the persistent activator of Claim 
1, wherein a hydrogel is formed by irradiating an ionized 
radiation on an aqueous solution of polyvinyl alcohol containing 
at least one selected from hyaluronic acid and its salts and 
then dipped in an aqueous solution containing a miotic agent to 
incorporate said miotic agent in the hydrogel. 

4. A persistent activator, which is made by incorporating a 
proteolytic enzyme inhibitor in the polyvinyl alcohol hydrogel 
incorporated with at least one selected from hyaluronic acid and 

^Numbers in the margin indicate pagination in the foreign text. 
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its salts. 

5. A persistent activator of Claim 4, wherein the 
proteolytic enzyme inhibitor is nafamostat mesylate. 

6. A production method of the persistent activator of Claim 
4, wherein a hydrogel is formed by irradiating an ionized 
radiation on an aqueous solution of polyvinyl alcohol containing 
at least one selected from hyaluronic acid and its salts, and 
then the hydrogel is dipped in an aqueous solution containing a 
proteolytic enzyme inhibitor to incorporate said proteolytic 
enzyme inhibitor in the hydrogel . 

III. Detailed Description of the Invention 
Field of Industrial Application 

The present invention relates to a novel persistent 
activator and its production method. In more detail, the present 
invention relates to a persistent activator which incorporates a 
miotic agent or a proteolytic enzyme inhibitor that can slowly 
release a drug and retain its effect over a long period and a 
method for producing it with good efficiency. 

Recently, activators that can slowly release a drug and 
retain its effect over a long period have attracted attention in 
the field of clinical treatments and various such activators and 
production methods thereof have been proposed. However, it is 
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actual situation that a persistent activator that satisfies all 
of bioadaptability, drug release property and handling property, 
etc. has not been found so far. The inventors previously 
discovered a production method of persistent activators in which 
drugs are impregnated in a polyvinyl alcohol hydrogel (Japan 
Tokkyo 52-32971, 56-20284) and a persistent high-viscosity eye 
drop comprising an eye disease remedy in a crosslinked polyvinyl 
alcohol hydrogel (Japan Tokkyo 56-48484) . However, the 
bioadaptability, drug release property, etc. of these persistent 
activators are not necessarily fully satisfactory. 

On. the other hand, the inventors discovered that artificial 
biotissues containing polyvinyl alcohol, acidic polysaccharides 
and modified bodies thereof and having good bioadaptability are 
obtained by irradiating an ionized radiation on an aqueous 
solution containing polyvinyl alcohol, acidic polysaccharides 
and modified bodies thereof (Japan Tokkyo 51-11139). 

Problem to Be Solved by the Invention 

The present invention was made with the purpose of 
providing a persistent activator that has excellent 
bioadaptability, can retain its effect over a long period and 
has good handling property. 



Means for Solving the Problem 

The inventors repeated an earnest study that should develop 
a persistent activator having said preferably properties, 
consequently they discovered that a polyvinyl alcohol hydrogel 
incorporated with hyaluronic acid being one of 
mucopolysaccharides and it salts is excellent in 
bioadaptability, can incorporate a large quantity of a specific 
drug, slowly release said drug and retain its effects and has 
good handling property, thus they came to accomplish the present 
invention on the basis of this knowledge. 

Namely, the present invention is to provide a persistent 
activator which comprises a miotic agent in a polyvinyl alcohol - 
containing hydrogel incorporated with at least one selected from 
hyaluronic acid and its salts. 

The present invention enables to product said persistent 
activator by irradiating an ionized radiation on an aqueous 
solution of polyvinyl alcohol containing at least one selected 
from hyaluronic acid and its salts to form a hydrogel and then 
dipping the hydrogel in an aqueous solution containing a miotic 
agent or a proteolytic enzyme inhibitor to incorporate said 
miotic agent or said proteolytic enzyme inhibitor in the hydro- 
gel . 
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The present invention is described in detail below. 

Hyaluronic acid used in the present invention is a 
substance being one of mucopolysaccharides, has excellent water 
absorbance and bioadaptability and has attracted attention as a 
medical material and a cosmetic material. This hyaluronic acid 
was extracted from crest or skin of cock, etc, or tissues of 
animals and was expensive, but it is obtained from 
microorganisms by biotechnology and becomes available at a 
relatively low cost recently. 

The molecular weight of hyaluronic acid is not specially 
restricted in the present invention, and hyaluronic . acid of MW 
1,0000,000 is commonly used. This hyaluronic acid may be used in 
the free form, in the form of its sodium salt or potassium salt, 
etc. or used by mixing them. 

Polyvinyl alcohol used for. forming the polyvinyl alcohol - 
containing hydrogel is not specially restricted in the present 
invention if it does not inhibit the reaction when irradiating an 
ionized radiation to make the crosslinking treatment, and either 
completely saponified or partially saponified one can be used. 
The degree of polymerization is also not specially restricted, 
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but polyvinyl alcohol having an average degree of polymerization 
of over 1,000 is preferable from a viewpoint of reaction 
efficiency during the crosslinking treatment. 

In the present invention, a hydrpgel is formed by 
irradiating an ionized radiation on an aqueous solution of 
polyvinyl alcohol containing said hyaluronic acid and its salts, 
and the concentration of hyaluronic acid and its salts is not 
specially restricted if it is a concentration capable of forming 
an aqueous solution in the coexistence with polyvinyl alcohol, 
but the concentration is commonly selected within a range where 
it is equal or lower than the concentration of polyvinyl 
alcohol. Both (-ray and electron ray can be used, but (-ray is 
favorably used from a viewpoint of forming a homogeneous gel in 
a glass container. 

In the present invention, a hydrogel is formed by 
irradiating an ionized radiation on an aqueous solution of 
polyvinyl alcohol containing said hyaluronic acid and its salts 
to form cross-links among polyvinyl alcohol molecules and make 
it into a three-dimensional network structure. The equilibrium 
weight swell -ing ratio of this hydrogel is dominated by the 
irradiation dose of ionized radiation and the cpncentration of 
hyaluronic acid and its salts, the equilibrium weight swelling 
ratio decreases with increasing the irradiation dose of ionized 
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radiation, on the other hand, the higher the concentration of 
hyaluronic acid and its salts, the greater the equilibrium 
weight swelling ratio. Drugs are caught into the network 
structure of the hydro-gel formed in such a manner and then 
slowly released to the out-side through this network. The 
catching force and the release rate of these drugs are dominated 
by the concentration of hyaluronic acid and its salts and the 
irradiation dose of ionized radiation (crosslinking density) ; at 
the same crosslink-ing density, the higher the concentration of 
hyaluronic acid and its salts, the higher the catching force of 
miotic agent or proteolytic enzyme inhibitor; at the same 
concentration of hyaluronic acid and its salts, the higher the 
crosslinking density, the lower the release rate of said drugs. 
Accordingly, the persistency of effects of said drugs can be 
controlled by the concentration of hyaluronic acid and its salts 
and the irradiation dose of ionized radiation. 

In the present invention, a miotic agent and a proteolytic 
enzyme inhibitor are used as drugs inorporated in said hydrogel . 
These drugs preferably do not deteriorate and are water-soluble. 
As such drugs, pilocarpine hydrochloride in miotic agents and 
nafamostat mesylate in proteolytic enzyme inhibitors are 
suitable. These drugs have affinity for hyaluronic acid and its 
salts and are considerably caught by the polyvinyl alcohol hydro- 
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gel incorporated with hyaluronic acid and its salts, thus the 
effects of present invention are efficiently displayed. 

In the method of present invention, the incorporation of 
said drugs in said hydrogel is performed by dipping the hydrogel 
obtained as described above as it is or once it is partially or 
completely dried in an aqueous solution containing said drugs 
for several or tens hours. At this time, when the drugs are 
quickly caught, it is favorable to freeze dry and then dip said 
hydrogel in an aqueous solution containing said drugs. The 
concentration of the aqueous solution containing these drugs is 
not specially restricted and may be below the saturation 
concentration, and the concentration is preferably selected 
within a range of 0.05 ~ 5 wt%. 

In such a manner, the invented persistent activator 
comprising a miotic agent or a proteolytic enzyme inhibitor in a 
polyvinyl alcohol hydrogel incorporated with hyaluronic acid and 
its salts can be produced with good efficiency. 

As a production method of this persistent activator, a 
method other than the invented method, for example, a method 
wherein said persistent activator is produced by adding a miotic 
agent or a proteolytic enzyme inhibitor into an aqueous solution 
of polyvinyl alcohol containing hyaluronic acid and its salts 
beforehand and then irradiating an ionized radiation thereon, 
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etc. can also be used, but this method is undesirable when 
employed drugs are easily subjected to deterioration or 
decomposition due to the irradiation of said ionized radiation. 

The persistent activator of present invention thus obtained 
incorporates drugs in the hydrogel of polyvinyl alcohol, 
therefore it can be made in any shapes, such as film, sheet, 
block, granule, contact lens, etc. 

Effects of he Invention /4 
The persistent activator of present invention retains its 
effects over a long period because it incorporates a miotic 
agent or a proteolytic enzyme inhibitor in the polyvinyl alcohol 
hydrogel incorporated with hyaluronic acid and its salts and 
incorporates a large quantity of said drugs by the action of 
said hyaluronic acid and its salts. The persistency of its 
effects can be easily controlled by the quantity of hyaluronic 
acid and its salts incorporated in the hydrogel and the 
crosslinking density of the hydrogel. Since the persistent 
activator of present invention has such excellent features, it 
is extremely useful in the department of ophthalmology and the 
field of clinical treatments. 
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Examples 

Next, the present invention is further described in detail 
by examples, but the present invention is not restricted anyway 
by these examples. 

Moreover, the quantity of drugs incoporated into the hydro- 
gel was found from a decrement of quantity of drugs in the 
aqueous solution of drugs, and the quantity of drugs released 
from the hydrogel into water was found from the quantity of drugs 
in the aqueous solution from which the drugs were released. The 
quantity of drugs in the aqueous solution was measured by UV 
photospectrometer . 

Reference Example 

An aqueous solution containing 7 wt% of a completely 
saponified polyvinyl alcohol (PVA) having average degree of poly- 
merization of about 2,000 and an aqueous solution containing 7 
wt% of said PVA and various concentrations of sodium hyaluronate 
(HaNa) of MW ca. 1,200,000 were prepared, then 5 mL of each solu- 
tion was put into an ampoule, melt sealed under slightly reduced 
pressure, subsequently a hydrogel was formed by irradiating ^°Co 
(-ray thereon at various doses. 
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Next, this hydrogel was taken out of the ampoule, swollen 
by putting it into distilled water of 23°C, and the equilibrium 
weight swelling ratio was found according to the following 
expression. The result is shown by a graph in Fig. 1. 

Weight of swollen gel 

Equilibrium weight swelling ratio = 

Solid weight in gel 

As is known from Fig. 1, at the same (-ray dose, if the 
concentration of sodium hyaluronate increases, the equilibrium 
weight swelling ratio increases; on the other hand, at the same 
concentration of sodium hyaluronate, if the (-ray dose increases, 
i.e., the crosslinking density increases, the equilibrium weight 
swelling ratio decreases. 

Example 1 

An aqueous solution containing 7 wt% of a completely 
saponified polyvinyl alcohol (PVA) having average degree of 
polymerization of about 2,000 and an aqueous solution containing 
7 wt% of said PVA and 1 wt% of sodium hyaluronate of MW ca. 
1,200,000 were prepared, respectively, then a hydrogel having an 
equilibrium weight swelling ratio of about 30 was similarly 
formed as reference example . 

13 



On the other hand, solutions containing pilocarpine 
hydrochloride as a miotic agent, nafamostat mesylate (called 
fusan (trade-name) hereafter) as a proteolytic enzyme inhibitor, 
chlorampenicol as an antibiotic and 5-s-dodesoxyuridine as 
antivirus agent at a concentration of 500 mL/L were prepared, 
respec-tively . Then, about 0.7 g of said each gel was dipped 
until it reached an equilibrium state in about 1.4 g of said 
each drug solution and said drug was incorporated in said gel to 
give a persistent activator, and the drug concentration in the 
solution was found. The result is shown in Fig. 2. 

As is evident from Fig. 2, in a gel of PVA only free of 
sodium hyaluronate, the drug concentration in gel was about 400 
mg per 1 L of gel for any gel. On the other hand, a gel 
containing 7 wt% of PVA and 1 wt% of sodium hyaluronate contains 
considerable fusan and pilocarpine hydrochloride. The drug 
concentration was 1,800 mg/L (4.5 times) with fusan and 700 mg/L 
(about 2 times) with pilocarpine hydrochloride. However, the 
concentra-tions of chlorampenicol and 5-s-dodesoxyuridine were 
nearly unchanged as in case of the gel of PVA only, and it was 
supposed that there was almost no interaction of these drugs and 
sodium hyaluronate. 
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Example 2 

An aqueous solution containing 7 wt% of a completely /5^ 
saponified polyvinyl alcohol • (PVA) having average degree of 
polymerization of about 2,000 and aqueous solutions containing 7 
wt% of said PVA, 0.2 wt%, 0.5 wt% and 1.0 wt% of sodium 
hyaluronate of MW ca. 1,200,000 were prepared, respectively, 
then hydroge Is having an equilibrium weight swelling • ratio of 
about 30 were similarly formed as reference' example. 

Next, about 0.7 g of each gel was dipped in about 1.4 g of 
an aqueous solution of fusan (concentration 500 mg/L) until the 
equilibrium state and fusan was incorporated in the gel to give 
each persistent activator. 

Then, each persistent activator incorporated with fusan 
thus obtained was put into 20 g of water to find a release curve 
of fusan. The result is shown by a graph in Fig, 3. In Fig. 3, 
the vertical axis represents the proportion of the quantity of 
fusan released into water to the quantity of fusan incorporated 
in the gel, and the horizontal axis represents the elapsing time. 

As is known from Fig. 3, the release reached the 
equilibrium in an extremely short time after dipping in the gel 
of PVA only, thus almost no slow-release effect exists. On the 
other hand, in the PVA gel incorporated with sodium hyaluronate, 
a slow-release effect was observed in relation to the quantity 
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of sodium hyaluronate incorporated in the gel, and the slow- 
release effect was still shown after 600 hr (25 days) in the gel 
containing 1 wt% of sodium hyaluronate. 

Example 3 

An aqueous solutions containing 7 wt% of a completely 
saponified polyvinyl alcohol (PVA) having average degree of 
polymerization of about 2,000 and an aqueous solution containing 
7 wt% of said PVA and 0.5 wt% of sodium hyaluronate of MW ca. 
1,2 00,000 were prepared, respectively, then hydrogels were 
similarly formed as reference example by changing the 
irradiation dose of (-ray as shown in the following table. 

Next, about 0.7 g of each gel was dipped in about 1.4 g of 
an aqueous solution of fusan (concentration 500 mg/L) until the 
equilibrium state and fusan was incorporated in the gel to give 
each persistent activator and find the quantity of fusan 
incorporated therein. Then, each persistent activator 
incorporated with fusan thus obtained was put into 20 g of water 
to find the released quantity of fusan after an elapse of 5 
days. These results are shown in a table. 
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Table 





Incorporated 
Quantity A 
(mg/L=gel) 


Released 
Quantity B 
(rag/Lsgel) 


B/A 


PVA 7% 


Irradiation 
dose 

(G(xl0;*) . 


1.18 


466.2 


357.7 


0.77 


1.74 


517.0 


368.3 


0.76 


3.48 


658.0 


368.7 


0.55 


6.96. 


723.2 


361.9 


0.49 


PVA 7% + 
HaNa 0.5 wt% 


Irradiation 
(G(xlO*) 


1.16 


776.5 


346 .1 


0.44 


1.74 


920.6 


248.9 


0.27 


3 .48 


1137.8 


121.7 


0.11 


5.96 


1246.9 


37.2 


0.03 



As is known from the table, for the gel containing 0.5 wt% 
of sodium hyaluronate, the fusan incorporated quantity is much 
more and the fusan released quantity is also much less than 
those of the gel of PVA only at the same irradiation dose. For 
the gel containing 0.5 wt%, of sodium hyaluronate, the fusan 
incorporated quantity increases and the fusan released quantity 
decreases with increasing the irradiation dose of (-ray, 
consequently the proportion of fusan released quantity to fusan 
incorporated quantity suddenly decreases with increasing the 
irradiation dose. 

From the above results, the activator of present invention 
incorporated with a miotic agent and a proteolytic enzyme 
inhibitor slowly releases the drugs into polyvinyl alcohol 
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hydrogels incorporated with hyaluronic acid and its salts and 
can retain its effects over a long period. 
IV. Brief Description of the Drawings 

Fig. 1 is a graph showing one example of a relation between 
the (-ray irradiation dose and the equilibrium weight swelling 
ratio in polyvinyl alcohol hydrogels containing various 
concentrations of sodium hyaluronate. Fig. 2 is a graph showing 
one example of various concentrations of drugs incorporated in a 
hydrogel of polyvinyl alcohol only and polyvinyl alcohol 
hydrogels containing sodium hyaluronate. Fig. 3 is a graph 
showing, one example of a relation between the elapsing time and 
the release ratio of drugs incorporated in polyvinyl alcohol 
hydrogels containing various concentrations of sodium 
hyaluronate into water. 



/6 



18 



Fig. 1 




Fig. 2 




OEl fusan 

^ pilocarpine hydro- 
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Drug concentration in gel (mg/L-gel) 



chloride 
chlorampenicol 
I 5-s-dedesoxyuridine 



PVA gel 



PVA gel containing sodium hyaluronate 



Fig. 3 




Elapsing time (hr) 
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a«yA'«ea»«fc. 
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